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Introduction

Sarcopenic-obesity represents a reduced skeletal muscle
mass coupled with increased adiposity within the same elderly
person (1). The limited research on the health consequences of
sarcopenic-obesity has focused on functional outcomes. Some
(1, 2) but not all (3, 4) studies indicate that sarcopenic-obesity,
but not obesity or sarcopenia alone, is a risk factor for
functional impairment.

Within the elderly, obesity, particularly abdominal and
visceral obesity, contributes to numerous cardiometabolic
health problems such as insulin resistance (5), type 2 diabetes
(6), dyslipidemia (7), and cardiovascular disease (CVD) (7, 8).
Likewise, low muscle mass and strength are associated with
CVD risk factors including arterial stiffness (9), glucose
intolerance (10), and the metabolic syndrome (11). As both
obesity and low muscle mass/strength predict cardiovascular
risk in the elderly, it is possible that the combination of obesity
and sarcopenia would be associated with an even greater risk.  

In support of the aforementioned notion, cross-sectional
research in a sample of 871 sarcopenic-obese elderly
demonstrated that abdominal obesity and low muscular strength
are characterized by high circulating levels of proinflammatory
cytokines (12), which are recognized risk factors for CVD (13).
Conversely, in a cross-sectional study of 22 obese
postmenopausal women, the CVD risk factor profile was more
favorable in sarcopenic-obese women than in obese women
with a normal muscle mass (14). The discrepant findings in

these studies may reflect the different approaches for assessing
sarcopenia (muscle strength vs. muscle mass), raising the
question as to whether muscle mass or strength is more
important for cardiovascular health. While these two studies
provide some interesting findings, their small sample sizes,
cross-sectional designs, and contradictory findings indicate that
more research is needed to clarify the impact of sarcopenic-
obesity on CVD risk. 

The primary purpose of this study was to determine if
sarcopenic-obesity was a stronger predictor of CVD risk in the
elderly than either sarcopenia or obesity alone. A secondary
objective was to determine whether low muscle mass or low
muscular strength was a stronger marker of CVD risk.

Methods 

Study Sample
The study sample included elderly men and women from the

Cardiovascular Health Study (CHS), a population-based
longitudinal study of CVD in older adults, as described in detail
elsewhere (15). Briefly, subjects were sampled from Medicare
eligibility lists in Washington County, MD; Sacramento
County, CA; Forsyth County, NC; and Pittsburgh, PA. Eligible
participants were 65 years and older, noninstitutionalized, able
to give informed consent, and did not require a proxy
respondent. Of those eligible, 5201 (57%) enrolled. The
institutional review boards approved the project at each study
site and written informed consent was obtained from all
subjects.
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The baseline examination was conducted between June 1989
and June 1990, and the CHS cohort was followed annually for
10 years. The baseline and follow-up examinations consisted of
a home or telephone interview and clinical examination (15).
Briefly, in the home/telephone interview, information was
obtained on demographics and medical history. The clinical
examination included anthropometric measurements and a
standardized clinical examination. A total of 76 individuals
were excluded from the study sample because they did not
grant permission to have their data included in the public access
data set, 1241 were excluded due to prevalent CVD at baseline,
and an additional 518 were excluded because of missing data
on the study variables. Therefore, this study was limited to
3366 participants.  

The CHS was conducted and supported by the National
Heart, Lung, and Blood Institute in collaboration with the CHS
investigators. These investigators created public access data
sets that are stripped of all personal identifiers and are
available, on appropriate terms and conditions, to qualified
investigators. This manuscript is based on the public access
data files. 

Body Composition

Abdominal Obesity 
Measures of abdominal obesity, as determined by waist

circumference (WC), were chosen over measures of total
adiposity (e.g., BMI, percent fat) as the obesity indicator given
that abdominal adiposity is a stronger predictor of
cardiovascular risk factors and disease (7, 8). WC was
measured at baseline to the nearest 0.5 cm at the level of the
umbilicus. Waist circumference is highly correlated to total (R2

=0.68 in men, 0.87 in women), abdominal (R2 =0.68 in men,
0.73 in women), and visceral (R2 =0.55 in men, 0.76 in women)
fat as determined by magnetic resonance imaging (16).

Sarcopenia
Sarcopenia was classified using two different approaches

based on either skeletal muscle mass or skeletal muscle
strength. Whole-body skeletal muscle mass was estimated
using bioelectrical impedance analysis (BIA). BIA resistance
was obtained using a TVI-10 Body Composition Analyzer
(Danninger Medical, Columbus, OH) (15) with measurements
taken between the right wrist and ankle with the subject in a
supine position after completion of an overnight fast (17).
Skeletal muscle mass was calculated using the equation
developed by Janssen and colleagues (18):  Skeletal muscle
mass (kg) = [Height2/R x 0.401) + (sex x 3.825) + (age x -
0.071)] + 5.102, where height is in cm; R is BIA resistance in
ohms; for sex, women=0 and men=1; and age is in years. The r2

and standard error of this regression equation are 0.86 and 2.7
kg (9%), respectively, when compared to whole-body measures
obtained by magnetic resonance imaging. Muscle mass was
adjusted for height using a regression-based residual technique
and is presented as such throughout the manuscript. As a
measure of muscular strength, maximal dominant hand grip

strength was measured 3 times using a Jamar dynamometer
(Asimow Engineering Co., Los Angeles, CA) and averaged to
the nearest kg (15). Grip strength was also adjusted for height
using regression-based residual scores. Grip strength is a
commonly employed measure of muscular strength in
epidemiological studies and is well correlated with other
maximal isometric strength measures using a strain-gauge
system, including elbow flexion (r=0.64), knee extension
(r=0.52), trunk flexion (r=0.43), and trunk extension (r=0.52)
(19).

Determination of Obesity and Sarcopenia Categories
Initially, subjects were divided into sex-specific tertiles (low,

moderate, and high) based on their: 1) WC, and 2) muscle
mass. Subjects in the low or moderate WC tertiles and the
moderate or high muscle mass tertiles were classified as having
a ‘normal’ body composition. Subjects in the high WC tertile
and either the moderate or high muscle mass tertiles were
considered ‘obese’. Subjects in the low muscle mass tertile and
either the low or moderate WC tertile were considered
‘sarcopenic’. Finally, subjects in the high WC tertile and low
muscle mass tertile were classified as ‘sarcopenic-obese’. A
comparable classification approach to that described above
(obesity X muscle mass) was used to classify subjects into four
groups based on tertiles of WC and skeletal muscle strength
(obesity X muscle strength).  

Cardiovascular Disease
The study outcomes consisted of incident: 1) coronary heart

disease (CHD) (first occurrence of myocardial infarction, silent
myocardial infarction, angioplasty, or coronary artery bypass)
(20), 2) congestive heart failure (CHF), 3) stroke, and 4) overall
CVD (first occurrence of CHD, CHF, or stroke).  Incident CVD
events were ascertained over 8 years by self-report and from
the Health Care Financing Administration hospitalized patient
database of International Classification of Diseases, Ninth
Revision diagnostic codes and are reported to the exact day
(21). Confirmation of CVD-related deaths was conducted
through reviews of obituaries, medical records, death
certificates, and the U.S. Health Care Financing Administration
healthcare utilization database for stays in hospital.

Covariates
Sex. Male or female. 
Age. Age was subdivided into 4 subgroups (65-70 years, 71-

76 years, 77-82 years, 83 years).
Race. White or other race.
Income. Self-reported family income was used as a proxy for

socioeconomic status. Annual income was categorized as very
low ( $7,999), low ($8,000-$15,999), moderate ($16,000-
$34,999), high ($35,000-$49,999), or very high ( $50,000).
Participants who did not report their income (6.3%) were coded
in a separate non-response category.

Smoking. Lifetime smoking was categorized as none,
passive (lived with regular smoker), light (1-13 pack-years),
moderate (14-50 pack-years), or heavy (>50 pack-years) (15).
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Alcohol. Weekly alcohol consumption was categorized as
low (<1 drink·week-1), moderate (1–7 drinks·week-1), or heavy
(>7 drinks·week-1).

Cognitive Function. Cognitive function was measured using
the 30-point Mini-Mental State Examination (22). Subjects
were categorized as having normal (>24 points) or impaired
( 23 points) cognitive function.

Physical Activity. Participants reported their participation in
the following activities over the previous 2 weeks: walking,
hiking, jogging, biking, exercise cycling, dancing, aerobics,
bowling, golfing, calisthenics, and swimming, plus up to two
additional leisure time activities not included in this list. A
weekly energy expenditure value was calculated for each
subject (kcal·week-1) as previously described (23), and subjects
were divided into sex-specific quartiles.

Cardiovascular Risk Markers. Diabetes status was coded as
present or absent based on the American Diabetes Association
criteria (24).  Blood pressure was coded as normal (<120/80
mmHg), pre-hypertensive (120/80–139/89 mmHg), or
hypertensive ( 140/90 mmHg and/or medication use) (25).
Total cholesterol was considered desirable (<200 mg/dL),
borderline high (200–239 mg/dL), or high ( 240 mg/dL).
HDL-cholesterol was categorized as low (<40 mg/dL),
moderate (40-59 mg/dL), or high ( 60 mg/dL). Triglycerides
were coded as normal (<150 mg/dL), borderline high (150-199
mg/dL), high (200-499 mg/dL), or very high ( 500 mg/dL)
(26).

Statistical Analyses
SAS software version 9.1 (SAS Institute, Cary, NC) was

used for data analyses. Initially, differences in the descriptive
characteristics between groups were determined using general
linear models with Bonferroni post-hoc tests. Because 6 pair-
wise comparisons were necessary to compare all four groups to
each other, a P-value of <0.008 denoted statistical significance
(e.g., 0.05 / 6 = 0.008). Next age and sex-adjusted partial
correlations for the anthropometric and strength measures were
calculated. Finally, the risk of developing the different CVD
outcomes was compared using Cox proportional hazards
regression models. The normal body composition group served
as the referent group in the Cox models and covariates
consisted of age, sex, race, income, smoking, alcohol, and
cognitive function (Model 1). To determine if physical activity
and cardiovascular risk markers mediated the relationship
between sarcopenic-obesity and CVD, two mediation models
were created. Physical activity was included in addition to the
aforementioned covariates in the first mediation model (model
2), with the CVD risk markers added to the second mediation
model (model 3). Sex X group and age X group interaction
terms were explored in the regression models, and without
exception these were non-significant (P>0.1).

Determination of Follow-up Length for Cox Models
Participants were followed for 8 years after their baseline

examination. For those who experienced a CVD event, follow-

up length was the number of days between their baseline exam
and the initial event. For those subjects who did not develop
CVD but died during the follow-up period, the length of time
between their baseline examination and death was used as their
follow-up length. 

Results

Subject Characteristics
Descriptive information for the 3366 subjects is shown in

Table 1. When the sample was divided into the four groups
using WC and SM (obesity X muscle mass), 38.7% of subjects
were classified as having a normal body composition, 27.5%
were sarcopenic, 28.0% were obese, and 5.8% were sarcopenic-
obese (Table 2). The corresponding numbers in the groups
classified according to obesity X muscle strength were 44.0%,
22.3%, 22.6%, and 11.1%.  Using two different classification
systems for the body composition measures resulted in some
subjects switching exposure group. Of those subjects who were
classified as normal based on obesity X muscle mass, 71.0%
were also classified as normal based on obesity X muscle
strength; the remaining 29.0% were classified as sarcopenic.
Only 40.1% of the subjects who were sarcopenic based on
obesity X muscle mass were also sarcopenic based on obesity
X muscle strength; the remaining 59.9% were classified as
normal. The majority (70.5%) of subjects who were obese
based on obesity X muscle mass were also obese based on
obesity X muscle strength; the remaining 29.5% were
sarcopenic-obese. Finally, of those who were sarcopenic-obese
based on obesity X muscle mass, 49.0% were sarcopenic-obese
and 51.0% were obese based on obesity X muscle strength.  

Table 1
Characteristics of study participants at baseline

Covariate Prevalence (%)

Male 39.6
White race 94.9
Age

65–70 years 45.8
71–76 years 32.2
77–82  years 16.3

83 years 5.6
Annual household income

$7,999 10.2
$8,000–15,999 25.2
$16,000–34,999 34.6
$35,000–49,999 10.0

$50,000 13.9
Not Reported 6.2

Smoking status
None 45.6
Passive (lived with regular smoker) 4.1
Light (1–13 pack-years) 13.0
Moderate (14–50 pack-years) 25.9
Heavy (>50 pack-years) 11.4

Alcohol consumption 
<1 drinks·week-1 67.4
1–7 drinks·week-1 19.4
>7 drinks·week-1 13.3

Impaired cognitive function 4.8
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Baseline body composition and strength details for the
obesity X muscle mass groups are outlined in Table 2. BMI,
WC, and muscle mass values were lowest in the sarcopenic
groups and highest in the obese groups. This pattern persisted
for grip strength, although the differences in the mean grip
strength values of the four groups were <7%. Table 2 also
contains the baseline body composition and strength details for
the obesity X muscle strength groups. BMI, and grip strength
values were lowest in the sarcopenic and highest in the obese
subjects and despite their low grip strength, the sarcopenic-
obese subjects had a higher muscle mass than subjects in the
normal group.  

Relation Between Anthropometric and Strength Measures
Based on partial correlations adjusted for age and sex, WC

was modestly associated with muscle mass (r=0.39, P<0.0001)
but was not related to grip strength (r=0.00, P>0.8).  Grip
strength was weakly correlated with muscle mass (r=0.13,
P<0.0001). Within each of the different body composition
groups the correlation coefficients between WC, muscle mass,

and grip strength measures were of a similar order of
magnitude (data not shown).

Cardiovascular Disease Risk
Inspection of Figure 1 reveals that, irrespective of how

sarcopenic-obesity status was classified, the crude event rates
for CVD were slightly higher in the sarcopenic and obese
groups relative to the normal group, with the sarcopenic-obese
group displaying the highest CVD event rates. Compared with
the normal group, CVD event rates in the sarcopenic-obese
group were elevated by 23% when based on obesity X muscle
mass and 33% when based on obesity X muscle strength
(Figure 1). 

Table 3 presents the risk estimates for the various CVD
outcomes based on the four obesity X muscle mass body
composition groups. After adjustment for the basic covariates
(Model 1), the risks of CVD, CHD, CHF, and stroke were not
significantly elevated within the obese, sarcopenic, or
sarcopenic-obese groups compared with the normal group
(P>0.10). 
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Table 2
Baseline characteristics of groups according to sarcopenia and obesity classification 

Variable Normal Sarcopenic Obese Sarcopenic-Obese

Obesity  X  Muscle Mass
n (%) 1304 (38.7) 927 (27.5) 941 (28.0) 194 (5.8)
BMI (kg·m-2) 25.5 ± 2.6b,c,d 23.1 ± 2.3a,c,d 30.7 ± 3.4a,b,d 27.1 ± 2.4a,b,c

WC (cm) 88.0 ± 7.8b,c,d 85.2 ± 8.1a,c,d 106.1 ± 6.0a,b,d 103.8 ± 4.8a,b,c

Muscle mass (kg) 22.5 ± 6.3b,c,d 18.9 ± 5.4a,c 23.9 ± 6.5a,b,d 19.9 ± 5.3a,c

Hand grip strength (kg) 28.8 ± 10.6b 26.9 ± 9.87a,c 28.9 ± 10.4b 26.9 ± 10.7
Obesity  X  Muscle Strength

n (%) 1481 (44.0) 750 (22.3) 762 (22.6) 373 (11.1)
BMI (kg·m-2) 24.7 ± 2.7b,c,d 24.0 ± 2.7a,c,d 30.3 ± 3.5a,b,d 29.6 ± 3.6a,b,c

WC (cm) 86.7 ± 8.0c,d 87.1 ± 8.2c,d 105.5 ± 5.8a,b 106.0 ± 6.1a,b

Muscle mass (kg) 21.2 ± 6.1c,d 20.6 ± 6.5c,d 23.6 ± 6.5a,b 22.7 ± 6.5a,b

Hand grip strength (kg) 31.5 ± 9.8b,d 21.2 ± 7.6a,c 31.9  ± 9.9b,d 21.7 ± 8.0a,c

Values are mean ± standard deviation; Significantly different from a. normal;  b. sarcopenic; c. obese; d. sarcopenic-obese group (P<0.008); WC, waist circumference; BMI, body mass
index.

Figure 1
Number of cardiovascular disease events per 10,000 person-years according to abdominal obesity and sarcopenia classified using

either obesity X muscle mass (Panel A) or obesity X muscle strength (Panel B) 



Table 3
Cardiovascular disease risk according to Obesity x Muscle

Mass

Model 1 Model 2 Model 3

Cardiovascular Disease
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.00 (0.84 – 1.20) 0.99 (0.83 – 1.19) 1.03 (0.86 – 1.24)
Sarcopenic 1.14 (0.96 – 1.36) 1.11 (0.93 – 1.34) 0.97 (0.81 – 1.16)
Sarcopenic-obese 1.10 (0.81 – 1.48) 1.04 (0.77 – 1.41) 0.97 (0.72 – 1.31)

Coronary Heart Disease
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.05 (0.82 – 1.35) 1.04 (0.81 – 1.34) 1.09 (0.84 – 1.40)
Sarcopenic 1.22 (0.96 – 1.56) 1.20 (0.94 – 1.53) 1.02 (0.79 – 1.31)
Sarcopenic-obese 0.88 (0.56 – 1.40) 0.85 (0.54 – 1.36) 0.79 (0.50 – 1.26)

Congestive Heart Failure
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 0.90 (0.69 – 1.18) 0.89 (0.68 – 1.16) 0.91 (0.69 – 1.19)
Sarcopenic 1.10 (0.85 – 1.43) 1.06 (0.82 – 1.38) 0.97 (0.74 – 1.27)
Sarcopenic-obese 1.22 (0.81 – 1.84) 1.14 (0.75 – 1.72) 1.10 (0.73 – 1.67)

Stroke
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.13 (0.84 – 1.51) 1.12 (0.84 – 1.51) 1.18 (0.88 – 1.59)
Sarcopenic 1.21 (0.90 – 1.61) 1.17 (0.88 – 1.57) 0.98 (0.73 – 1.32)
Sarcopenic-obese 0.97 (0.57 – 1.63) 0.92 (0.54 – 1.55) 0.79 (0.47 – 1.34)

Results are reported as hazard ratio (95% confidence interval); Model 1: adjusted for age,
sex, race, income, smoking, alcohol, and cognitive function; Model 2: same as Model 1 +
physical activity; Model 3: same as Model 2 + cardiovascular risk markers (diabetes,
hypertension, HDL-cholesterol, total cholesterol, and triglycerides).

Table 4
Cardiovascular disease risk according to Obesity x Muscle

Strength

Model 1 Model 2 Model 3

Cardiovascular Disease
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.04 (0.86 – 1.25) 1.03 (0.85 – 1.24) 1.08 (0.90 – 1.30)
Sarcopenic 1.10 (0.92 – 1.33) 1.08 (0.89 – 1.30) 0.94 (0.78 – 1.14)
Sarcopenic-obese 1.23 (0.99 – 1.54) 1.18 (0.95 – 1.48) 1.06 (0.85 – 1.33)

Coronary Heart Disease
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.08 (0.83 – 1.40) 1.06 (0.82 – 1.38) 1.13 (0.86 – 1.47)
Sarcopenic 1.10 (0.85 – 1.42) 1.08 (0.84 – 1.39) 0.92 (0.71 – 1.19)
Sarcopenic-obese 1.29 (0.95 – 1.76) 1.25 (0.92 – 1.71) 1.11 (0.81 – 1.52)

Congestive Heart Failure
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 0.87 (0.65 – 1.15) 0.87 (0.66 – 1.15) 0.92 (0.70 – 1.22)
Sarcopenic 0.95 (0.72 – 1.26) 0.93 (0.70 – 1.23) 0.86 (0.64 – 1.15)
Sarcopenic-obese 1.42 (1.05 – 1.91)* 1.35 (0.99 – 1.82) 1.28 (0.94 – 1.74)

Stroke
Normal 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Obese 1.04 (0.77 – 1.41) 1.03 (0.76 – 1.39) 1.10 (0.81 – 1.49)
Sarcopenic 1.09 (0.80 – 1.48) 1.06 (0.78 – 1.44) 0.88 (0.64 – 1.21)
Sarcopenic-obese 1.16 (0.80 – 1.67) 1.10 (0.76 – 1.59) 0.95 (0.65 – 1.37)

Results are reported as hazard ratio (95% confidence interval).  * P<.05 versus referent
group; Model 1: adjusted for age, sex, race, income, smoking, alcohol, and cognitive
function; Model 2: same as Model 1 + physical activity; Model 3: same as Model 2 +
cardiometabolic risk markers (diabetes, hypertension, HDL-cholesterol, total cholesterol,

and triglycerides).

When based on measures of obesity X muscle strength, the
risks of CVD, CHD, CHF, and stroke were not significantly
elevated in either the obese or sarcopenic groups compared to
the normal group after adjusting for the basic covariates with
one exception (Model 1, Table 4). However, compared to the
group with a normal body composition the risk of CHF was

elevated by 42% (P=0.02) and the risk of CVD was increased
by 23% (P=0.06) in the sarcopenic-obese group compared to
the normal group. When physical activity was added in Model
2, the hazard ratios were attenuated in most cases. Additional
adjustment for CVD risk factors (Model 3) further attenuated
the hazard ratios, which were no longer statistically significant. 

The risk estimates for overall CVD and its subtypes within
the sarcopenic-obese group were not significantly different
from those in either the sarcopenic or obese groups as evident
by the overlapping confidence intervals for the hazard ratios
(Tables 3 and 4). 

Discussion 

The impact of sarcopenic-obesity on physical function has
been given considerable attention in the gerontology literature;
however, the impact of this condition on cardiovascular health
has been poorly studied. To our knowledge, this is the first
prospective study to examine the relation between sarcopenic-
obesity and CVD risk. The findings indicate that muscle
strength is more important for CVD risk than muscle mass.
Although obesity and sarcopenia alone did not significantly
predict CVD, when they occurred simultaneously (e.g.,
sarcopenic-obesity) the risk of CVD increased by 23%.
Furthermore, the present study indicates that the relation
between sarcopenic-obesity and CVD is explained in part by
the effects of physical activity and common CVD risk markers.

Previous research has defined sarcopenic-obesity using low
height-adjusted skeletal muscle mass coupled with high percent
body fat. Using these criteria, studies have identified an
increased risk of physical disability and functional impairment
in sarcopenic-obese persons (1, 2). For example, using a
prospective cohort study design Baumgartner and colleagues
(2) found that sarcopenic-obese elderly were 2.5 times more
likely to have a decline in physical function compared to
elderly with a normal body composition. Purely sarcopenic and
obese persons were not at increased risk. In the present study,
WC was used instead of percent body fat and when a high WC
was coupled with low grip strength, the pattern observed for
CVD risk in this study were similar to those reported by
Baumgartner and colleagues for physical disability (2).
However, the magnitude of effect for sarcopenic-obesity was
considerably weaker in the present study compared to previous
observations for physical function.

Our finding that sarcopenic-obesity was associated with a
modestly increased risk of CVD and CHF was opposite to the
results of Aubertin-Leheudre and colleagues (14). These
authors reported that the cardiometabolic risk factor profile
was, surprisingly, more favorable in sarcopenic-obese
postmenopausal women than in obese postmenopausal women
who were not sarcopenic. In that small cross-sectional study,
the purely obese women had 41% more visceral fat than the
sarcopenic-obese women, which may explain why the
cardiovascular risk factors were different in these two groups.
While the abdominal fat content was not well matched in the
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two obese groups in that study, in the present study the purely
obese and sarcopenic-obese groups had comparable waist
circumference values, suggesting that their abdominal fat
content was similar. 

The conflicting results between our different definitions of
sarcopenic-obesity imply that muscle quality (e.g., strength) is
more important than muscle quantity (e.g., mass) in aging
humans. While muscle strength and muscle mass are related,
they are not one and the same as evidenced by the weak
correlations between these measures. Previous work
demonstrated that only leg strength was independently
associated with lower extremity functional performance when
leg strength and leg muscle were considered in the same
regression model (27). Muscular strength also appears to be
important for cardiometabolic health as evidenced by the
present findings and those of Jurca and colleagues (11), who
reported lower incidence of the metabolic syndrome across
muscular strength tertiles in men. Together, these results
suggest an important function for muscular strength that
extends beyond the role of muscle mass.

Inclusion of physical activity and common CVD risk
markers as covariates in the mediation regression models
attenuated the risk estimates for the CVD outcomes in the
sarcopenic-obese subjects. For example, the increased risk of
CVD associated with sarcopenic-obesity based on muscle
strength was attenuated from 23% to 18% after controlling for
physical activity, and further reduced to 6% after controlling
for CVD risk markers. This suggests that the pathway through
which sarcopenic-obesity influences CVD outcomes, at least in
part, involves physical activity and common CVD risk markers.
That is, sarcopenic-obesity may lead to inactivity and an
elevation in CVD risk markers, which in turn would increase
the risk of CVD events.  Previous research supports the
protective role of muscle strength as increases in strength have
been associated with improvements in high-density lipoprotein
cholesterol (28), blood pressure (29), and insulin sensitivity
(30); although a literature review in this area (31) indicated that
the effects of muscle strengthening activities on CVD risk
factors is inconsistent. Furthermore, there is an abundance of
evidence indicating that abdominal obesity in the elderly
negatively affects several CVD risk markers including
hypertension, impaired glucose metabolism, and dyslipidemia
(32). 

A recent study demonstrated that abdominal obesity is
associated with an upregulation of proinflammatory cytokine
production (12). These cytokines in turn are inversely related to
muscle strength, thereby providing a link by which obesity may
lead to sarcopenic-obesity over time. However, due to the
cross-sectional design of that study (12), the cause-and-effect
nature of the relation between abdominal fat and muscle is
uncertain. Other research has reported that these same
proinflammatory cytokines are risk factors for CVD (33, 34).
Therefore, although speculative at this time, abdominal obesity
may represent the starting point of sarcopenic-obesity.  

In light of the current findings, public health efforts should

continue to promote regular physical activity and balanced
nutrition to assist with maintenance of optimal body
composition through adulthood and into old age. For elderly
persons who are sarcopenic-obese, treatment would ideally
focus on decreasing abdominal fat while simultaneously
improving muscle strength. 

There are limitations to the present study that warrant
consideration. Although reasonably accurate for use in large
studies, BIA and WC are not criterion measures of body
composition. The imprecision of these measures may have
weakened the relationship between sarcopenia and obesity with
CVD risk. Furthermore, although related to more definitive
measures of strength (19), hand grip strength is only a proxy of
overall muscular strength. 

In summary, sarcopenic-obesity, as determined by a high
WC and low hand grip strength, was associated with a 23%
increased risk of CVD in a large sample of community-
dwelling elderly adults. This relationship was not apparent
when body composition was classified using muscle mass,
suggesting that strength may be more important than muscle
mass for CVD prevention. 
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